S cholarship in computing education, like scholarship in engineering education more broadly, is an emerg ing multidisciplinary field, and, as in any emerging field, scholars face challenges describing the nature of their work. In his 1990 book Scholarship Reconsidered: Priorities of the Professoriate, Ernest Boyer, president of the Carnegie Foundation for the Advancement of Teaching from 1979 to 1995, described a framework iden tifying four categories of educational scholarship-discovery, applica tion, integration, and teaching-that has proved influential across many different fields. I find that apply ing Boyer's framework provides a productive approach to addressing questions about the nature of schol arship in computing education.
Since its inception in 1957 as IRE Transactions on Education, IEEE Transactions on Education has published original scholarly con tributions spanning considerable intellectual territory. When in 2013 the editorial board decided to revise the review criteria for the Transactions, it seemed important to develop guidelines that matched the breadth of these contributions, and Boyer's framework, with its encom passing scholarly scope, provided an excellent foundation on which to base our efforts. Because the Transactions has historically focused on matters of education in electrical engineering, computer engineering, and other fields within the scope of IEEE, teaching as a category of scholarship didn't seem necessary, so the board considered in detail contributions involving Boyer's three remaining areas of scholarship: dis covery, application, and integration. In all three areas, scholarly contri butions can take a variety of forms.
THREE AREAS OF SCHOLARSHIP
For IEEE Transactions on Education, scholarship of discovery emphasizes contributions of new knowledge in the pertinent educational fields. One scholar might develop a tool or process for assessing learning in electronics, computer architecture, or robot ics, for example. Another might explain difficulties that students en counter when learning one or more concepts. Others might contribute findings about what motivates stu dents interested in learning about communications, networking, data bases, or other topics. Whatever its focus, to be considered for pub lication in IEEE Transactions on Education, a paper asserting a con tribution of new knowledge requires a thorough understanding of past contributions in related areas.
Scholarship of application em phasizes contributions that apply findings from research on learn ing and teaching (either general research or research in a specific knowledge domain, such as compil ers) to create or design educational activities in fields appropriate for the Transactions. Such educational activities may include courses, course segments, curricula, labora tory experiments, course projects, capstone courses, and outreach activities. Academic profession als worldwide design activities like these for their students, but to be published in IEEE Transactions on Education, a paper describing this work must both demonstrate the ap plication of published educational research in the activity's design and provide a cogently articulated ratio nale for its key design decisions.
Scholarship of integration emphasizes multidisciplinary con tributions that integrate, interpret, synthesize, coalesce, or otherwise organize prior research to identify patterns, themes, trends, needs, and opportunities upon which other scholars can build. Such scholarly contributions often take the form of review articles. The increasing im portance of this area of scholarship can be seen in the rapidly growing field of systematic review (M. Bor rego, M.J. Foster, and J.E. Froyd, "Systematic Literature Reviews in Engineering Education and Other Developing Interdisciplinary Fields," to be published in J. Eng. Education, vol. 103, 2014) , a discipline offer ing review methodologies designed to address specifically articulated questions, rather than the more generalized approaches that char acterize traditional review articles. Scholarship of integration is aided by Scopus, ERIC, the International Bibliography of the Social Sciences (IBSS), and other data bases that offer powerful search tools to ex tract relevant content.
These three areas of scholarship comprise virtually all the schol arly contributions submitted to the Transactions.
COMMON REVIEW CRITERIA
For IEEE Transactions on Education, all three areas of scholarshipdiscovery, application, and integration-are reviewed according to six basic criteria: 
SPECIFIC REVIEW CRITERIA
Each of the three areas of scholar ship has distinctive review criteria, with those for scholarship of appli cation being the most detailed.
Scholarship of application
Essentially, for the Transactions, scholarship of application is the scholarship of design in an edu cational context. Authors making contributions to scholarship of application are offering a "good" design; that is, they've applied, implicitly or explicitly, existing knowledge well. In large part, this area of scholarship involves making more explicit the application of ex isting knowledge, including, most basically, knowledge of the dis ciplinary subject. For example, authors presenting their design for all or part of a course on electro magnetics must demonstrate that they used accurate technical knowl edge regarding electromagnetics and that they applied this knowl edge in an expert manner.
In addition to content knowledge, authors should also apply knowl edge from research on learning and teaching. Consider, as an illustra tion, a key principle emerging from current research: prior knowledge of relevant material influences ac quisition of new knowledge (S.A. Ambrose et al., How Learning Works: Seven Research-Based Principles for Smart Teaching, JosseyBass, 2010) . Authors applying this prin ciple should, therefore, demonstrate that they've taken into account the need for instructors to adapt course designs to students' knowledge of prerequisite topics at the beginning of a course.
More specifically, evaluating the quality of the authors' design in scholarship of application requires considering intended outcomes and application design.
Each of the three areas of scholarship has distinctive review criteria, with those for scholarship of application being the most detailed.
COMPU TING EDUCATION
Intended outcomes. A p ply i n g existing knowledge requires that authors know in advance what their instructional design is intended to achieve. Review of intended out comes involves evaluating how well authors have articulated these out comes and how well they reflect communitywide understanding of appropriate outcomes. Research has shown that, in general, designers create more effective designs when their intended outcomes are clear, explicit, and stated at a functional level (that is, designers state design requirements before they generate embodiments or physical realiza tions for those requirements).
Similarly, authors should articu late their intent (What is the course trying to achieve?) before describing their design (What is the sequence of course topics?). So before they describe how a specific segment of a course has been designed or re designed, for example, they should articulate what students will be expected to demonstrate after completion of the course segment. Articulation of specific outcomes simplifies the task of showing how well the design achieved its intent. In other words, stating outcomes is a prerequisite for developing and im plementing an evaluation plan.
Application design. In designing lab experiments, instructional software, courses, or other educational con tributions, authors make multiple design decisions: they choose spe cific topics, specific ways to organize and present material, specific assign ments for students to work on, and so forth. In addition to describing the results of these key design decisions, authors should explain their ratio nale for having made them-that is, why did they choose particular alternatives among different pos sibilities? While in the past many articles published in IEEE Transactions on Education have offered a particular approach to teaching a subject, far fewer have laid out the rationale underlying the key deci sions that led to the approach. The application design review criterion is intended to place greater weight on evaluating such rationales.
Scholarship of discovery and scholarship of integration
The distinctive review criterion for both scholarship of discovery and scholarship of integration is methodology. To address this cri terion, authors must articulate an explicit methodology, show that it's both appropriate for the ques tions they've selected to consider and consistent with accepted practice, and document that the methodology was implemented as described. While a treatise on re search methodologies is beyond the scope of this column, many articles and books provide substantive re sources on methodologies for both scholarship of discovery (see, for example, M. Borrego, E.P. Douglas, and C.T. Amelink, "Quantitative, Qualitative, and Mixed Research Methods in Engineering Education," J. Eng. Education, vol. 98, no. 1, 2009, pp. 53-66) 
